Abstract-The purpose of this study is to evaluate the adaptation of some of the world's most popular websites to the "post-pc era" of using multiple devices for accessing the web. Up till recently the PC used to be the only device used for accessing the WWW. This has changed dramatically over the past few years with the introduction of many powerful Internet-connected devices such as Smart Phones, Tablets and Smart TVs. Due to the many differences between these devices in terms of screen size, hardware power, input methods etc. in most cases a PCoptimized website is not optimally viewed in these devices, resulting in poor usability and User Experience. In this survey 49 of the world's most visited websites, according to Alexa.com, are being examined to see if they offer optimized versions for Internet-connected mobile devices and Smart TVs. Results show wide support for mobile devices in contrast to very limited support for Smart TVs. (Abstract)
I. INTRODUCTION
One of the main functions that an Internet-connected PC is used for is to browse the web. There are of course many other functions that the Internet is used for, such as Internet-calls, email, system updates, on-line games etc. but web browsing is still the most popular application of an Internet-connected computer.
Internet connectivity was not something that mobile Phones where initially designed to do. Although the Internet was available at the time mobile phones became popular, their main use was limited to making phone calls and texting, while it took many years to become efficient web-browsing devices and start being widely used for this. Even today, it is common to prefer to use a mobile App for consuming and interacting with Internet content than the Mobile browser, as it offers a more optimized user experience (UX) in general, utilizing the full potential of the device capabilities. One of the main frustrations early mobile web users had to deal with was that websites were designed for much bigger screens, so viewing content and navigating with touch was problematic. However, web browsing on a phone is becoming increasingly popular, so much so as to become a necessity for a web-site to have a mobile-optimized version. Moreover although there are speculations that mobile-optimized websites rank better in Google search results, this has not been officially confirmed, as Goggle rarely discloses it's ranking factors. However, the latest addition in Google Search Engine to always inform users in the result pages whether each website is mobile-optimized (see Figure 1 ) makes it even more important than before, as it can now affect the choice of which search result users will prefer to visit [1] .
Tablets are not quite the same story, as they became popular by the time web browsing was already popular using mobile phones. So, Internet browsing on a tablet device was considered a standard feature even from the days of the first massively popular tablet device, the iPad. Due to the larger screen size, a tablet device could display websites in a similar way to a PC screen, so most websites were usable on tablets from day one. However, this does not mean that there is no need for website optimization on tablet devices. Although 7"-10" screens are larger than phones' 3.5"-5.5", they are not as large as the standard 21"-27" desktop PC monitors or 13"-15" laptop monitors, so small text sizes can still be an issue. Also, the input device of touch is significantly different than the mouse. For example, the mouse is more accurate than touch, so, small-size click areas can be a problem for usability. Also, the "hover" effect, very common in PC interfaces is not possible with touch screens.
Smart TV devices on the other hand are a totally different story. They are an evolution of a much older device (the Television), which people are used to handle in a specific way. Until Smart TVs came out, this was not an interactive medium, and the main possible interaction was limited to switching channels and setting the sound volume. Moreover, in contrast to all other devices, video has been the main TV communication method since the beginning of the medium, while text was sometimes present but limited. This was not the case in any of the aforementioned devices, where video has only recently been widely used, and popularized with services like YouTube after 2006 reaching 1 billion views per day in 2009 [2] . However, most Internet content remains in text format and probably will keep being in this form in the near future. A large amount of content is also available on images while relatively limited content is available in video or audio. This is arguably one of the largest caveats in TVs consuming standard Internet content.
The structure of this paper is as follows: in its first part, a user's web browsing activity on non-PC devices is examined through existing studies and surveys. Then, the different optimization methods are described and explained. In the second part the results from the study are presented and conclusions are drawn.
II. WEB BROWSING ACTIVITY ON NON-PC DEVICES
Mobile web browsing in gaining popularity daily while desktop browsing is decreasing as many surveys indicate. For instance, according to StatCounter.com (see Figure 2) , worldwide mobile browsing has reached 32.12% as of December 2014, increasing from 22.16% a year earlier, while starting from nearly 0% in 2008. In contrast, desktop web browsing has decreased from 99.4% in 2008 to 61.17% in December 2014. Tablets on the other hand, a newer addition to Internet-connected devices, show a slower but steady increase, reaching 6.62% by the end of 2014.
On a survey in 470 users of mobile phones and tablets in the United States, tracked the day-to-day behavior in regard to the use of their devices [4] . 85% of the consumers that took part on the study said that mobile phones play a central part on their everyday lives, spending 3.3 hours on average per day on their smartphones. It is interesting to point out that 54% of survey responders, where not pleased with mobile-optimized content overall as, they say, these websites often don't have enough information compared to desktop websites. They are happier with using a tablet in this way, since the tablet versions are more complete. On smartphones, e-mail (91%), searching the Internet (76%), Social Networking (75%) and news alerts (62%) are among the most popular uses of the phone while traditional text messaging (90%) remains popular as well. On Tablets, Email (69%) and searching for info online (70%) are the most popular daily activities to perform with social networking also popular at 64% and news alerts on 52%. Reading, as expected, was more popular on tablets than mobile phones (57% and 43% respectively). Another interesting finding was that 65% of tablet owners in the study reported using their tablet while watching TV at least once per day.
A. Smart TV Internet usage
Consuming Web on a Television device is not a new thing, but it's not a secret that it has failed to capture the interest of viewers so far. On a recent study by Nielsen in 2013 [5] in Australia although ownership of Connected TVs has increased (33% of Australian homes own a TV that can connect to the Internet), only 5% of them use it to access the internet on a regular basis, a much lower percentage compared to all other devices in the same survey (38% on Mobile phones, 68% on desktop and 65% on laptop). According to the Australian Connected Consumer Report [6] the key barriers from using the Internet capabilities of these devices are the lack of interest, lack of know-how, bad UX, slow connection speed and lack of interesting available content/apps.
A survey in Germany [7] questioning 1,363 Smart TV owners indicates that "many responders find the use of the Internet with the smart TV very inconvenient". The main reasons for that are: inconvenient to browse the internet with the remote control (79.6%), insufficient capabilities of the browser (63.1%), long boot/loading times for the Smart TV interface (50.2%), lack of multitasking (48.5%). The same survey also indicates that only 1 out of 4 Smart TV owners use their device to go online. Among them, 34% (sample size: 466) used the Internet capabilities of their TVs (23% increase from their 2013 survey). Moreover, another study by Parks Associates in 2011 [8] , projects that 37 million households in North America and 40 million households in Western Europe owned a Smart TV.
Taking a look at the most popular Smart TV platforms it seems that Samsung currently has a clear advantage on worldwide Market Share with 26.4% of devices with LG and Sony being joint second place with significantly lower share of 14.3% and 14.4% respectively [9] .
In another report by NPD (2012) in North America [10] , it is clear that the only major use for Smart TVs is to watch videos on a big screen (70%). Web Browsing activity only captures the interest of 10% of the users while other functionality such as Social Media, Shopping, Maps etc has an even lower than 10% usage.
Combining the findings of these surveys, it seems that the very limited use of web browsing on Smart TV devices can have been caused for many reasons, including:
• Bad User Experience: As most aforementioned studies indicate, the current UX on the Smart TV is not pleasant for users and causes frustration.
• Input Devices: Browsing a website whose its interaction design was built with the mouse/keyboard input devices in mind with a remote control, can be a very unpleasant and frustrating experience, which is quite the opposite from what viewers are looking for: relaxation, rest etc. In mobiles, browsing the web (before touch-screens were adopted), was very difficult and this technology actually solved this problem and helped it to become mainstream.
• User State: Users of a Television are in a different "state of mind" than when using a PC or a mobile device and normal websites don't take this factor into account. A relaxed navigation style should be preferred [11] • Lack of TV-Optimized web content: Although most new TVs include some kind of a web browser, websites are optimized for desktop or mobile, not TV, and this can easily result in an unpleasant UX.
However, manufactures are continuing to support and improve the Smart TV devices and their Web Browsers. The Internet of course has many other benefits to provide to Smart TVs, such as viewing online video, so most viewers naturally desire this functionality. It is also important to take note that smartphones also took many years to adapt to the Internet features, with many failures on the way (WAP is the most famous example). Hopefully, this will apply to Smart TV in the future, as technology is improved and also content (web sites) is becoming more TV optimized.
III. DEVICE OPTIMIZED CONTENT GUIDELINES
With the arrival and popularization of non-PC devices for Internet browsing, it became evident that a single version of a website that worked and looked well on a desktop device was not adequate. So, user studies started to appear in order optimize the UX and usability on other devices as well.
A. Mobile phones & tablets
The problems of browsing desktop websites on smartphones became evident from the beginning when these devices started being used for this function. Smaller screen size, lower resolution, touch interface, limited bandwidth were obstacles to a good UX. After years of testing, a number of guidelines and best practices have been developed for mobile web design, both from official organizations such as W3C [12] and experts such as Smashing Magazine [13] . These guidelines include the use of large text, easy to read on the small screen, avoiding large width pages that the user has to scroll sideways and zoom in and out, avoiding excess and large-size content that takes a lot of time and bandwidth to load, links and buttons large enough to comfortably press them with a finger, avoiding free text writing boxes and more.
Tablet web design guidelines share many in common with mobile phones, as input method is the same (touchscreen) although it has more similarities to desktop as far as screen size is concerned. There are websites and books on the subject, such as Tablet Web Design Best Practices free e-book by Mobify [14] , but usually Tablets are treated as a subcategory of mobile devices, so guides for mobile devices usually contain subsections referring to their unique features.
B. Smart TV web content optimization
Smart TVs, being the newest type of devices, and not being an established medium for online browsing yet, do not have as many guideline material as mobile devices do. The only guidelines for optimizing websites for Smart TVs are by Google, which were created to support their Google TV platform [15] and is arguably the most comprehensive guide available, but it also relies heavily on Google TV's browser and many examples will not be compatible with other TV devices. As of 2014, Google officially discontinued the Google TV product and announced a new platform with the name of Android TV [16] . Whether these guidelines will be compatible with their new platform is not yet known. The W3C is also showing a clear interest towards web on TV [17] although it has not yet released any design guidelines. There are however many resources available for app design on TV from browser developers such as Opera [18] , Smart TV manufacturers such as Samsung [19] , TV channels like BBC [20] , and of course academic researchers [11] . From the afford mentioned resources, some basic guidelines for optimized TV web-content can be derived, which would definitely include: large font-size (>22px), limited choices (menus etc) for more relaxed navigation, ability to navigate through remote control D-PAD, avoidance of scrolling (paging is preferred) and avoidance of text input which is very difficult with the remote control.
IV. METHODS FOR DELIVERING DEVICE-OPTIMIZED WEB CONTENT
Content always plays the major role in the success of any hardware platform. It was not until mobile websites became a standard that mobile Internet use increased dramatically. This is currently one of the major setbacks for Smart TV web use. In order to optimize web content for mobiles or Smart TVs there are three different techniques:
1) Custom device-specific websites 2) Device-specific Apps 3) Responsive websites

A. Custom device-specific website
A different website exists which, although consuming the same content as the desktop-version website, uses a totally different presentation layer. Such websites usually reside on a different subdomain (e.g. m.website.com) or sometimes inside a subfolder (e.g. www.mysite.com/mobile/). The main advantage of this solution is that a website can be designed from scratch for mobile-only or Smart TV-only, which means it will be fully optimized for it, avoiding any excess material that the desktop version has, and taking the input method of touch as standard. The main disadvantage is that a new website has to be created and maintained, which will use a number of resources. Another disadvantage is that mobile devices and Smart TVs nowadays are not homogenous, having very different capabilities in terms of e.g. resolution, screen size etc. so creating a custom website for every type of device is going to be ever more resource-consuming, so, some real-time adaption to device characteristics will have to be done, which makes it a hybrid technique, combined with Responsive web design.
B. Device-specific App:
A device-specific developed application that consumes the same content as the desktop website. On smartphones and tablets, it would usually be for Android, iPhone or Windows Phone platforms. On Smart TVs, there are many more platforms available and could be developed for Google TV, Samsung TV, LG TV, Sony TV etc. This can be a considerable problem, as website owners will have to use extensive resources to develop and maintain many different versions of their app for each platform, since none of these are compatible to the others. So, usually an app will be available for one or two platforms at best, while users of other platforms will not be able to use it.
C. Responsive website
A technique introduced in 2010 by Ethan Marcotte [21] , in which essentially the same website adapts to the special device properties (e.g. changes font sizes, arrangement, menus, etc.) in real-time, after detecting some device properties. This method has become very popular recently due to its many advantages, especially in terms of efficiency, as the developers have to create and maintain only a single website for all devices. However, development of really responsive multi-device websites, takes more effort, testing and time that developing a device-specific website. Also, sometimes re-designing an interface from scratch will be more optimal for a specific device than just doing adjustments over the existing one. Even with these in mind, however, Responsive Web Design (RWD) is probably the most favored technique for mobile-optimized websites today.
V. THE STUDY
In order to study the current state on the levels of adaption of web sites to non-desktop devices, a survey was conducted on some of the world's most popular websites. A list of the 100 most visited websites was retrieved from Alexa Internet for June 2014 [22] . From these, 49 websites that fulfilled our requirements (explained later), clustered into 8 categories, were tested whether they had (1) custom website, (2) app, or (3) responsive website for delivering their content on (a) mobile phones, (b) tablets and (c) smart TV devices.
A. Categorization of websites
In order to have a choice of representing websites, categorization was used in some general categories depending on the type of each websites. Although Alexa Internet did have a categorization system, it was not very convenient as such, since it contained many categories of similar types (e.g. separate categories for web services) and also it was noticed that the categorization in some websites was not accurate. This was probably due to changes in context in the website's lifespan. For example, Microsoft live.com used to host a search engine but now is mainly used for the outlook mail service as Microsoft's search engine was rebranded as bing.com. In our study, websites were assigned to 8 main categories: The following 3 categories were also identified in the list but were not included in the survey: 1. Network Services (8): These were websites that contained services that in general are used by other websites, so they were not included in the survey. Most of these sites did not have a navigational website for users to access.
Pornography (4):
Four pornographic websites were included in the Alexa top 100 lists. These websites however were not used in the survey due to their adult content.
Torrent (2):
Two torrent websites were on the Alexa list but were not included in the survey So the total number of websites that fall into the included categories for this survey was 71. However, 20 websites on the list were in Chinese and Japanese languages and was decided to be removed from the lists, as it was considered likely to not have accurate evaluation, due to language knowledge limitations. Also, blogspot and blogger though listed separately are the same websites, so blogger was removed to avoid double entry. 
Conclusively
B. Test Devices
In order to have a complete picture for this survey, the following representative devices were used:
There were two representative smartphones, iPhone 5s for iOS devices and Samsung Galaxy S4 for Android devices. These two operating system platforms are the leading Smartphone systems today.
• Tablets: An Apple iPad 2 (iOS) and an Asus transformer (Android and MS-Surface) were used.
• Smart TVs: Three devices were used, as there are more platforms for Smart TVs: Samsung Smart TV 2014 model UE55F6670, an LG Smart TV 2013 model 42LA660S and a Google TV Sony NSZ-GS8 set-top box
In order to confirm the availability of a responsive website, an App or a Custom website on a device category, it was decided that even one version is enough (e.g. if for the X website, an iOS app existed then it was enough to tick the App box, although there could not be an android App). This was decided, as the main aim of this study is to compare the optimized content availability on 3 different device types (Smartphones , Tables and Smart TVs) and not the different platforms for each type of device.
C. Testing each website on the different devices
In order to have an accurate picture for this survey, each website was carefully examined. For each of the selected websites, two pages were loaded, the home page and a typical content page.
First, it was opened in the Chrome (v.39) browser on a Desktop computer at a resolution of 2560x1440 of a 27'' display. Then, it was slowly scaled down to the minimal allowed window width to have an initial indication of whether the site is responsive. A further browser refresh was applied, as sometimes, responsive websites work better when loaded on the desired resolution (real-time resizing was found to sometimes cause issues).
The second test was performed on the mobile phones of iPhone 5s (iOS 8.1) and Samsung Galaxy S4 (Android KitKat) where the website was loaded on the default browser. If the website was adapted to each devices screen (responsive) for any of the two devices then the responsive website box was ticked. By checking the website's URL we could determine if the website was responsive (same url as desktop, e.g. www.website.com) or we have been redirected to a custom mobile version (url different from desktop, e.g. m.website.com). If the URL is different then the custom checkbox is ticked. In order to indicate whether there was an app available to consume the website content, a search for the site name and company was performed at the App Store of each device. A further search for a mobile app was also performed in Google Search, in case the app was not present in the App Store we were using, due to country specific limitations. It is interesting to point out that in most cases, upon entering the website with a smartphone, if an App was available, a banner to download it was displayed on the top part of the website.
The tablet devices were tested in exactly the same way as the smartphones, but the site was also compared to the desktop and smartphone versions to make sure that it was not exactly the same but has been optimized for this device. A tablet version should not be as limited and big (e.g. in terms of font size) as the mobile phone version and also not as cluttered with small text and objects as the desktop version. Especially in the early days of tablets, it was not rare that a tablet device was identified as a mobile phone and this version was displayed.
Finally, for the Smart TV devices, the website was opened on each device with the default browser. Also, a search was performed in each device's App Store for an available app and a further search on the Internet was also performed. The later, proved a necessity in TV devices as apps were not easily found and often there were many country-specific limitations. Also, a separate scan on each website was often necessary to find whether a TV-friendly version of the website was available, as automatic redirection was very rare. Responsiveness of a website for TV was a little more difficult to detect, since the common TV resolution of 1080p is very common in desktop computers as well, so detection scripts the relied on screen size only have the result of displaying the desktop version on TV. A website optimized exclusively for TV would have at least larger font sizes compared to desktop for reading from distance and simpler navigation (avoid complex menus). If we took into account all the TV usability guidelines mentioned earlier (avoid scrolling, D-PAD navigation etc) then it would be even more difficult to find a fully optimized TV site, so for this experiment we focused on very basic optimizations (font-size, simplified navigation, correct rendering).
Additionally, some notes were taken on problems and specific behavior of websites was taken for each platform was encountered. This was quite often on TV devices.
VI. RESULTS
Results on testing website adoption on the three different types of devices clearly show how serious website designers take the large movement of the users towards mobile browsing (see Figure 3) . It is also clear that TV devices are not considered very important yet, as only 24 out of 49 websites had some kind of optimized version for TV compared to 49/49 for mobile phones. Looking at the preferred optimization method, clearly apps and responsive versions are preferred to custom device-specific websites (see Figure 4) .
A. Mobile
All tested websites had at least one mobile-friendly method to consume their content (Figure 3) , either in the form of an app, custom or a responsive website. Quite often, websites had both an app and a mobile-friendly website (Figure 4) . This was not a surprise, as it's quite common to find the content of a website on search-engine results when looking for something, so having a mobile website would improve the search rankings, while having only an app would not have any results in search engines, and loose possible users that are looking for specific content. Looking at Figure 5 , where a breakdown to the website categories is presented, it seems that blogging platforms and search engines prefer the use of responsive websites and completely avoiding custom designs, while News, Social and Commerce websites have a somehow equal allocation of the three types of formats.
B. Tablet
Tablet-optimized website versions were also very popular, with only 1 website out of 49 not having some optimized version for a tablet device. However, a more detailed look (Figure 4 ) reveals that although tablet-optimized apps and responsive websites are very close to mobile phones, only 8 out of 49 websites have a custom tablet website compared to 19 mobile-optimized custom websites. This is not very surprising, since the large screen of a tablet is able to display the desktop website quite well with only a few changes, so much less adjustments are needed compared to mobile small-screen version and RWD is optimal for this kind of work. Since the resources of maintaining an extra website are considerable, it is often preferred to make a responsive version of the desktop website. Looking at the category breakdown on Figure 5 it is clear that only Social Media websites are really interested in custom tablet versions at least for the websites examined in this study.
C. Smart TV
Smart TVs, as the newest and less adopted technology, are clearly much less a priority for the world's most popular websites as results show. Only 12 TV apps were found (~24%), compared to 48-49 (~100%) for tablets and mobile phones. Custom websites were also rare with only 6 out of 49 having one. 9 out of 49 websites were considered responsive for TV in this experiment. It is important to note that this does not mean that other responsive websites did not work on the TV devices, but it means that they did not "respond" enough to make TV browsing pleasant. This, in most cases, meant that they did not have large enough text to be readable from a distance, or that they needed a lot of scrolling to be able to use it, and that the menus and links could not be navigated using the D-PAD of the TV remote. One other interesting thing to point out concerning TV apps, is that it when a user visited the website with the TV browser, there was no indication that the site had an available TV app to download. Although this was a standard practice on mobile phones, it was completely ignored on TV. It was even more surprising that even on websites that had a TV custom website version available, there was not any automatic redirect or even an indication that there is such a version available. The user had to know the URL of the TV version in order to browse it. This probably has to do with the difficulty involved for the website to detect a smart TV browser so that it will act accordingly, as these sometimes identify themselves as desktop browsers. The same issue also applied when a TV app for the website was available. In contrast to mobile sites, where a top banner was displayed informing the user for the existence of the app, this was not encountered in neither of the TV websites. Looking a the categories in Figure 5 , it seems that News, Video and Social sites have more interest in TV experience, while commerce, informational and Services did not seem to have any interest on the platform at the time. Search engines, although compatible with TVs, are by design not very confortable to use, as writing text with the remote control is not convenient (most smart TVs don't have keyboards).
VII. CONCLUSION
From this survey on some of the world's most popular websites it was clear how far the adoption on mobile devices has come. As the popularity of these devices has grown massively, all the websites of the survey have at least one mobile version, while many of them have both an app and a responsive or custom website optimized for smartphones and tablets.
Smart TVs are a new popular type of device, with sales increasing every year although their user adoption is much less compared to mobile devices. It was evident, however, both from the surveys studied and from the tests that were performed in the survey carried out in this paper, that current web content is problematic on Smart TVs and does not meet user expectations. Although, these devices do have browsers that can handle web sites with HTML5, CSS3 and Javascript satisfactory, a website that was designed for desktop or mobile is not optimal for viewing on TV as is. So, users of these devices, although initially interested in using their TVs to browse the web, soon become discouraged from the bad usability and UX of using non-optimized websites. It was surprisingly, that even among the top visited websites of the world, TV adoption was not a standard, with only 50% of them having some form (often very limited) of TV-optimized version, compared to 100% of mobile-optimized versions. Also, it is interesting to point out that the most popular method for content-optimization was the development of a TV app. This method, although probably providing full access to the devices capabilities, it has the drawback that it is only compatible with one platform. Moreover, with so many different Smart TV platforms available at the time, it is extremely resource-intensive to create a version for each of these and maintain it, in order to reach the maximum possible audience. It is however feasible, to create a custom website, or a responsive TV-optimized site that will be compatible with all devices. Surprisingly, this method was not popular, with only 11 out of 49 tested websites using it (~23%).
Hopefully, in the immediate future, more effort will be put towards this direction, and this might boost the actual usage of the smart TVs web browser, a functionality that seems able to provide so much content, is expected by users to do so, but currently fails to serve this purpose.
